In coupled sewer and surface flood modelling approaches, the flow process in gullies 9 is often ignored although the overland flow is drained to sewer network via inlets and 10 gullies. Therefore, the flow entering inlets is transferred to the sewer network 11 immediately, which may lead to a different flood estimation than the reality. In this 12
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(2017) compared three approaches that were all coupled to the same 1D SFM to 45 analyse the differences in modelling results using the full shallow water equations, 46 the local inertial equations and the diffusive wave equations as the 2D OFM. 47
In our previous study (Chang et 
Interaction between OFM and SFM without gullies 108
As mentioned earlier, we have developed six approaches in an earlier study of urban 109 flood modelling (Chang et al., 2015) . Two of the approaches only involve with 2D 110 OFM and no interaction with 1D SFM is considered. The combined SFM/OFM 111 approach runs the 1D SFM to determine the surcharge discharges from the sewer 112 network, which are used as point sources in the 2D OFM. This is a unidirectional 113 interaction where the surface runoff cannot return to the sewer even when the 114 drainage capacity is available. 115
For the coupled SFM/OFM or OFM/SFM approaches, the interaction between the 116 SFM and OFM is bidirectional such that the runoff can move between the sewer 117 network and the ground surface through manholes or inlets, depending on flow 118 conditions between the two systems. For surcharging condition when the water level 119 in a manhole reaches the ground elevation, the overflow from the sewer network to 120 the ground surface will occur. The discharge from manhole   ,, 
The 7-8 August 2015 event was caused by Typhoon Soudelor that brought in 205 257mm rainfall within 16 hours, as shown in Figure 5 (a). The inner water levels 206 started to increase in all four networks after 23:00 on 7 August when the rainfall 207 began. The outer water levels in river channels exceeded the inner water levels at 208 the outlets of Networks 3 and 4 around 01:00, which stopped drainage by gravity and 209 the pumping stations were switched on to discharge the flow from the sewer 210 networks to the rivers. The outer water levels increased above the inner water levels 211 at outlets of Network 1 and 2 around 1:50 and 02:20, respectively, when the pumps 212 began to work at these two stations. The prolonged precipitation resulted in high flow 213 rates in sewer pipes, which were close to their full capacity in most part of the 214 network, and a minor flooding was reported at one location. However, no detail 215 regarding the flood extent or depth was available. The flow situation of this event 216
was in-between the other two events, and only a minor surface flooding occurred 217 such that the event was used for model calibration. 218
The convective rainfall event on 19 July 2015 dumped 23mm rainfall in the case 219 study area, while 15.5 mm concentrated within 20 minutes as shown in Figure 6 (a). 220
The rainfall intensity was below the design rainfall 78.5 mm/h so the sewer networks 221 were able to convey runoff without operating the pumping stations. 222
On 23 July 2015, the area was hit by another storm that brought 125 mm rainfall 223 within 2 hours, as shown in Figure 7 (a), with 62 mm concentrated during the peak 30 224 minutes. The sewer networks were unable to cope with such intense rainfall and 225 flooding occurred in several locations. Both events, which represent moderate and 226 extreme conditions, respectively, have complete water level records at the outlets 227 and the WL gauge in the sewer networks so that we adopted the records to validate 228 the modelling results. 229
Modelling results 230

Model calibration 231
The modelled water levels at the detention pools of network outlets and the WL 232 gauge using the two Mixed SFM/OFM and OFM/SFM coupling approaches, i.e. respectively. When the pumps were running, the water level at the pool was 248 dominated by the operation of pumps rather than the rainfall. The same conditions 249 apply to the water level hydrograph at the Network 3 outlet pool (Figure 8 (d)) . 250
Due to the larger catchment areas and the longer distances of main trunks, the water 251 levels at outlets of Networks 1 and 2 varied less significantly with the changes of 252 rainfall intensity than the ones in Networks 3 and 4. The water level at Network 1 253 outlet pool (Figure 8 (b) ) increased until 01:50, when the river water level exceeded 254 than the pool water level so the pump station began operation. After 05:00, the water 255 level dropped quickly as the result of reduced rainfall and the continuous operation of 256 the pumping station. Similar responses can be found at the Network 2 outlet pool 257 (Figure 8 (c) ). The water level changes at the WL gauge (Figure 8 (a) ) and the 258 variation of the hydrograph at the Network 2 outlet pool (Figure 8 (c)) show the 259 backwater effect from the downstream. Therefore, the relationship between the 260 rainfall intensity and the water level at the WL gauge was not obvious. The 261 parameters to be calibrated were the roughness in both the 2D OFM and the 1D 262 SFM. The parameters were adjusted, based on land cover types, and pipe diameters 263 and slopes, and calibrated until the modelled water level hydrographs at all locations 264 were consistent with the observed ones, i.e. NSE was close to 1. The roughness 265 values were determined as (1) (a)) increased rapidly right after the rainfall started, and reached to the peak level 277 with a 15 minutes lag to the peak rainfall. This reflected the time of concentration at 278 the node for collecting the surface runoff from its subcatchment. After the rainfall 279 stopped, the water level gradually decreased because the coming discharge from 280 further upstream pipes kept the water level high. Both Models A and B produced 281 very similar changing trend but with 0.08m and 0.06m over-estimation of the peak 282 level, respectively. For the water levels at the outlets, the outer water levels dropped 283 below than the ones in pools such that pumping stations were not activated. The 284 sewer flows were slowly discharged to the rivers by gravity, which was also reflected 285 in the slow declining water level at the WL gauge. 286 Table 2 show the NSEs of the modelled water level hydrographs, compared to the 287 observations. Apart from the outlet of Network 2, which both models produced 288 perfect predictions, Model B performed better than Model A for all locations. The 289 reason for the perfect predictions was that the event was very short such that only 290 limited observation records can be compared to. 291 Figure 10 compares the observation and modelled water level at the network outlets 292 and the WL gauge of 23 July event. The WL gauge records show that the water level 293 increased rapidly right after the rainfall started and stayed at a constant peak level 294 because the full capacity of the network has been reached. The situation lasted for 295 an hour because the coming discharge from further upstream pipes kept the water 296 level high. Then the water level started to decrease, 30 minutes after the rainfall 297 intensity has become lower than the design rainfall intensity. Figure 10 (a) shows 298 that Model A has faster rising and declining limbs of the water level than Model B. It 299 was due to that the flow response time in the gullies was not considered in Model A 300 such that the surface water entered the sewer network more quickly. For the 301 receding part, the water level in Model A began to decrease at eight minutes earlier 302 than the observation, while the Model B result showed a slower timing and pace of 303 water receding. It was due to that Model B was able to capture more surface water 304 through gully inlets from the upstream catchments such that the water level 305 maintained higher than Model A for longer. 306
The water levels at network outlets rapidly increased when the rainfall intensity was 307 above the design rainfall. The operation of pumping station 1 quickly reduced the 308 water level from 13:50. In general, the water level in Model B increased at a slower 309 rate because the flow process in gullies was considered that the runoff collected 310 from inlets reached to the manhole later than the one in Model A, which assumes 311 that the runoff moves from inlets to manhole immediately. This led to a slower rate of 312 overland flow entering the sewer network, which resulted in later water level increase 313 in the rising part of the hydrograph in sewer network, and a lower discharge of the 314 surcharge flow downstream. Consequently, more water volume stayed in the sewer 315 network such that the water level took longer time to recede, which can be observed 316 in the water level hydrographs. For other networks, the pumps began operating 317 around 13:20 because the continuous rainfall in previous 30 minutes has increased 318 the water levels at the detention pools at WL gauge (a), at the outlet detention pools 319 of Networks 1 to 4 (b-e, respectively). 320 Table 3 shows the NSEs of the modelled water level hydrographs, compared to the 321 observations. Clearly, Model B performed better than Model A for all locations. 322
Although the pumping stations managed to cope with the flow concentrating to the 323 outlets, the upstream pipes of the networks were unable to convey all inflow such 324 that surcharge occurred, as discussed earlier about the condition at the WL gauge. 325 
Modelling costs 360
For Model B, extra information regarding gullies were required for setting up. Such 361 detailed data are often difficult or/and expensive to obtain, which is also the main 362 reason why most modelling approaches ignore these elements. Luckily, in the study, 363
we received the information from the Taipei City Government's field survey data. For 364 areas where the surveyed data were absent, we adopted the City Government's 365 storm sewer design standard to set up the inlets and gullies along the road sides in 366 Model B. 367 Table 5 Figure 6 The rainfall record at TES rain gauge; and the outer (river) and the inner 495 Figure 7 The rainfall record at TES rain gauge; and the outer (river) and the inner 499 
